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TITANIUM OXIDE COLLOIDAL SOL AND PROCESS FOR THE PREPARATION THEREOF 



(57) A neutral titanium dioxide colloid sol having a 
high stability in a neutral range and capable of forming a 
colorless transparent coating even when dried at room 
temperature is produced by mixing an acid titanium 
dioxide sol comprising 50 to 100 parts by weight of tita- 
nium dioxide colloidal particles and 5 to 50 parts by 
weight of a chelating agent for titanium ions with 1 to 50 
pasts by weight of an alkaline substance comprising at 
least one of alkali metal compounds and amine com- 
pounds, and optionally by adjusting the pH value of the 
liquid mixture to 5 to 1 0, or adjusting the pH value of the 
liquid mixture to 6 to 10, and then applying a deioniza- 
tion treatment to the mixture to thereby charge the tita- 
nium dioxide colloidal particles with negative electricity. 
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Description 

Technical Reld 

5 [0001] The present invention relates to a titanium dioxide sol and a method of producing the same. More particu- 
larly the present invention relates to a titanium dioxide colloid sol usable as a semiconductor photocatalyst and a 
method of producing the same. The titanium dioxide colloid sol can be used as a material for various functional coating 
agents for the purpose of ultraviolet ray-absorption, stain prevention, hydrophilization, preventing fogging, preventing 
fungus, deodorizing and for water treatment. 

10 

Background Art 

[0002] As ceramic coating materials which are excellent in heat resistance and wear resistance in comparison with 
organic coating materials, allcali metal silicate salts, phosphate salts, silica sol and metal oxide coating materials are 
15 known. 

[0003] These ceramic coating materials have the characteristics of inorganic coating materials, for example, excel- 
lent heat resistance and wear resistance. Currently, attempts to impart new functions to ceramic coatings has been 
made mainly for metal oxide coatings. 

[0004] Among the various ceramics, titanium dioxide can exhibit an excellent photocatalytte effect and when ultra- 
20 violet rays are irradiated thereto, the titanium dioxide exhibits a high oxidizing activity. Accordingly, it is known that when 
the titanium dioxide having an excellent photocatatytic activity is located on a surface of a material, for example, a metal, 
glass or ceramics, to be coated, the titanium dioxide contributes to enhancing the stain prevention, decomposition of 
odor-generating substances, water-treatment, rust prevention, prevention of fungus, prevention of algae propagation 
and the decomposition of hard decomposable waste materials. A plurality of titanium dioxide coating materials for the 
25 purpose of forming titanium dioxide coatings having the above-mentioned characteristics on substrate surfaces and 
methods of producing the coating materials have been provided, 

[0005] As a method of fonning a titanium dioxide coating, the method in which a hydrolysis product of a titanium 
alkoxide is coated, namely a sol-gel method, is most popular. As a method similar to the sol-gel method, Japanese 
Unexamined Patent Publication No. 4-83,537 discloses a method in which a mixture of a titanium alkoxide with an 
30 amide or glycol is employed, and Japanese Unexamined Patent Publication No. 7-100,378 discloses a method in which 
a mixture of titanium alkoxide with an alcohol amine is employed. 

[0006] Also, as a method for producing a titanium dioxide sol, other than the above-mentioned methods, Japanese 
Unexamined Patent Publication No. 6-293,519 discloses a method in which fine titanium dioxide particles crystallized 
by water heat-treatment are dispersed in an acid solution having a pH value of 3 or less, and the resultant dispersion 

35 can be employed for coating. 

[0007] However, the above-mentioned sot-gel method or the method In which the titanium dioxide colloid particles 
are deagglomerated or dispersed are greatly disadvantageous in that since the colloidal solution is an acidic solution, 
when the colloidal solution is coated on a metal or paper surface, the coated material is corroded or deteriorated. Also, 
there is a disadvantage that even when the colloidal solution is coated on a material having a high acid resistance, for 

40 example, a resin, a ceramic or glass, the coating device, for example, a coater or a spray gun, and a printing machine 
are corroded and the working atmosphere for the coating workers is degraded. 

[0008] As a means for solving the above-mentioned problems, Japanese Unexamined Patent Publication No. 9- 
71 ,41 8 discloses a sol liquid comprising hydrogen peroxide and titanium dioxide and a method of producing the so! liq- 
uid. The sol liquid is advantageous in that the soi liquid can be neutralized. However, since an oxidizing agent is con- 
45 tained, the sol liquid is disadvantageous in that the effect of the sol liquid for preventing the metal con-osion is low, the 
sol liquid is colored yellow, and a colorless coating is difficult to be formed from the sol liquid unless the coating is heat- 
dried. 

Disclosure of the Invention 

50 

[0009] An object of the present invention is to solve the above-mentioned problems of the conventional photocata- 
lytic titanium dioxide solution and to provide a titanium dioxide colloid sol which Is stable in a neutral condition to allow 
the coating procedure with the sol to be safely carried out and enables a coloriess transparent coating to be formed 
even when dried at room temperature, and a method of producing the same. 
55 [0010] . The above-mentioned object can be attained by the titanium dioxide sol and the methods of producing the 
same, of the present invention. 

[001 1] The titanium dioxide colloid sol of the present Invention comprises 50 to 1 00 parts by weight of titanium diox- 
ide colloidal particles charged with negative electricity and 5 to 50 parts by weight of a complexing agent and 1 to 50 
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parts by weight of an alkaline substance. 
[0012] The titanium dioxide colloid sol of the present invention preferably has a pH value of 5 to 10. 
[0013] The method (1) of the present invention for producing a titanium dioxide colloid sol comprises mixing an 
alkaline substance into an acid titanium dioxide colloid sol containing 50 to 100 parts by weight of titanium dioxide col- 
loid sol and 5 to 50 parts by weight of a complexing agent, to adjust the pH value of the sol to a level of 5 to 10, to 
thereby cause the titanium dioxide colloidal particles to be charged with negative electricity. 

[0014] The method (2) of the present invention, for producing a titanium dioxide colloid sol. comprises mixing an 
alkaline substance into an add titanium dioxide colloid sol comprising 50 to 1 00 parts by weight of titanium dioxide col- 
loidal particles and 5 to 50 parts by weight of a complexing agent to adjust the pH value of the resultant sol to a level of 
6 to 12. and applying a deionization treatment to the sol to thereby cause the titanium dioxide colloidal particles to be 
charged with negative electricity. 

Best Mode of Carrying Out the Invention 

[0015] The inventors of the present invention prepared a titanium dioxide colloid solution by reacting an inorganic 
titanium salt, for example, titanium chloride or titanium sulfate, or titanium alkoxide with water under an acid condition 
to hydrolyze the titanium salt or alkoxide, and analyzed the electricity-charging behavior of the acid colloid sol of the tita- 
nium dioxide. As a result of the analysis, it was confimried that the titanium dioxide colloidal particles are stably charged 
with positive electricity in an acid range and, when the colloid solution is neutralized with an alkaline solution into a pH 
range of from 3 to 5 the titanium dioxide colloidal particles lose almost all of the electric charge and become significantly 
unstable and are firmly agglomerated with each other to such an extent that the agglomerated particles are difficult to 
separate from each other; and when the alkaline property of the colloid solution is further enhanced, the above-men- 
tioned agglomerated titanium dioxide colloidal particles are charged with negative electricity. 

[0016] Then, the inventors of the present invention further researched means for imparting both a stable electric 
charge and a high dispersibillty to the titanium dioxide colloidal partteles even in a neutral range. 
[0017] As a result of the further research, a phenomenon that, when an acid titanium dioxide colloid sol is mixed 
with an aqueous solution of an alkali metal hydroxide or ammonia to shift the pH value of the sol to alkaline range, the 
titanium dioxide colloidal particles are strongly agglomerated with each other to such an extent that the agglomerated 
particles cannot be separated from each other, and a slun^-like suspension is formed, was found. Also, it was found 
thai the above-mentioned phenomenon is due to the titanium ions Ti"^ present in the sol liquid forming colloidal titanium 
hydroxide, and the titanium dioxide particles are bonded to each other through the colloidal titanium hydroxide, and that, 
since the charge of the colloidal particles with negative electricity is low in the neutral range, the repelling force gener- 
ated between the partteles Is weak. 

[0018] Further, it was found that the titanium dioxide colloidal particles can be charged with negative electricity by 
mixing an acid titanium dioxide colloid sol with an complexing agent selected from polyvalent carboxylic acids, hydrox- 
ycarboxylic acids and condensed phosphoric acids, for example, pyrophosphoric acid, which can fomn a complex with 
T\^^ ions, to surface-modify the titanium dioxide colloidal particles, and then by mixing the complexing agent-mixed col- 
loid sol with an alkaline additive, for example, an aqueous solution of ammonia or morpholine. to increase the pH value 
of the colloid sol to a desired level; and that a stably dispersed titanium dioxide colloid sol can be obtained by charging 
the titanium dioxide colloidal particles with negative electricity in a neutral to alkaline pH range; and that a coloriess 
transparent titanium dioxide coating having an excellent adhesive property can be obtained by coating the above men- 
tioned stably dispersed titanium dioxide colloid sol on a target particle and by drying the coated sol at room tempera- 
ture. 

[0019] Still further, it was found that with respect to the composition of the titanium dioxide sol, a neutral sol com- 
prising a titanium dioxide colloidal particle component, charged with negative electricity, a complexing agent and a alka- 
line component exhibit a good stability and dispersibillty and provide the above-mentioned target performances. 
[0020] The method of producing the titanium dioxide sol having the above-mentioned composition was further stud- 
ied. As a result, it was found that a titanium dioxide sol having a low content of impurity can be obtained by adding an 
alkaline substance to a sol comprising a titanium dioxide colloidal particle component and a complexing agent compo- 
nent, to adjust the pH of the sol into a neutral to alkaline range, and subjecting the sol liquid to a deionization treatment, 
for example, a dialysis or an ion-exchange resin treatment. The method of the present Invention was completed by the 
above-mentioned finding. 

[0021] The titanium dioxide sol of the present invention comprises 50 to 1 00 parts by weight of titanium dioxide col- 
loidal particles, and the titanium dioxide colloidal particles are charged with negative electricity in a neutral sol solution. 
If the titanium dioxide colloidal particles are charged with positive electricity in the neutral range, the dispersion of the 
colloidal particles becomes unstable. The type of electrteity. positive or negative of the partteles can be easily deter- 
mined by a zeta potential-measurement apparatus, etc. 

[0022] The types of the titanium dioxide usable for the present invention Include anatase type titanium dioxide 




3 



EP 1 052 225 A1 

(including metatitanic acid), orthotitanic acid and other titanium dioxides such as rutile titanium dioxide. Among these, 
the anatase titanium dioxide (including metatitanic acid) and orthotitanic acid are most preferably used. 
[0023] In the present invention, there is no specific limitation to the particle size of the titanium dioxide colloidal par- 
ticles. Generally, the particle size is preferably 1 nm to 500 nm, more preferably 3 to 120 nm. 

5 [0024] In the present invention, the titanium dioxide colloidal partides are produced by dissolving at least one mem- 
ber selected from inorganic titanium compounds, for example, titanium chloride, titanium oxy-chloride, titanium sulfate 
and titanyl sulfate in water; optionally adding hydrochloric acid or nitric acid as a catalyst to the solution; and hydrolyzing 
the titanium compound at room temperature or by heating. Also, as another method of preparing titanium dioxide colloid 
particles, a hydrolytic method of preparing organic titanium compounds, for example, titanium alkoxides and titanium 

10 acetylacetonate, can be utilized. Since the titanium dioxide colloidal particles produced In an acid solution by the above- 
mentioned methods are charged with positive electricity, it is necessary that when a sol having a pH value of 6 or more 
is prepared by adding an alkaline component to the sol, the titanium dioxide particles are charged with negative elec- 
tricity by adding a complexing agent into the sol. 

[0025] In the titanium dioxide sol of the present invention, the complexing agent must be contained in a proportion 
15 of 5 to 50 parts by weight. The complexing agent usable for the present invention includes chelating compounds. The 
chelating compounds preferably contain at least one cartDOxyl group In the molecular skelton thereof, and have a high 
chelating actwity to T1^+ ions. The preferable chelating compounds include polyvalent cartjoxylte acids and hydroxycar- 
boxylic acids, for example, gluconic acid, glucolic acid, lactic acid, tartaric acid, citric acid, malic acid and succinic acid; 
and condensed phosphoric acids, for example, pyrophosphoric acid and tripolyphosphoric acid, and salts of the above- 
20 mentioned acids. Most preferable complexing agents are the above-mentioned condensed phosphoric acids, particu- 
larly pyrophosphoric acid and tripolyphosphoric acid. 

[0026] In the titanium dioxide colloid sol of the present invention, an alkaline substance must be contained in an 
amount of 1 to 50 parts by weight in addition to the complexing agent, and the pH value of the sol liquid is preferably 
adjusted within the range of from 5 to 9. The alkaline substance contributes to neutralizing acid ions, for example, chlo- 
25 rate ions and sulfate ions remaining in the sol liquid and to imparting negative electricity charge with an increased sta- 
bility to the titanium dioxide colloidal partteles. 

[0027] The alkaline substance usable for the titanium dioxide colloid sol preferably comprises at least one member 
selected from ammonium compounds, alkali metal compounds, and amines, and thus, for example, ammonium hydrox- 
ide (ammonium water), sodium hydroxide, potassium hydroxide, lithium hydroxide, sodium silicate, and polyamines, for 

30 example, ethylenediamine and triethylenetetramine may be employed. Also, as preferable alkaline substances, oxazine 
compounds, for example, morpholine and piperidlne and choline compounds. In case where the titanium dioxide colloid 
sol of the present Invention Is.employed as a coating material, the oxazine and piperidine compound, ammonium 
hydroxide and low molecular weight amine compounds, for example, triethanol amine, whteh are easily evaporated from 
the coating layer while the coating layer is sintered, are preferably employed. 

35 [0028] For the complexing agent and the alkaline substance, certain compounds having both the complexing activ- 
ity and the alkaline property, for example, ammonium pyrophosphate, ammonium lactate and hydrogen choline tarta- 
rate. may be employed. 

[0029] The titanium dioxide colloid sol of the present invention may contain, in addition to the above-mentioned 
components, chlorine ions, sulfate ions and/or alcohol which are derived from titanium material used for the preparation 
40 of the sol. However, the remaining components present, in addition to the above-mentioned components, in the sol sub- 
stantially consist of water. When the titanium dioxide colloid sol of the present Invention is employed as a coating mate- 
rial, a portion of the water component is preferably replaced by a water-soluble solvent comprising an alcohol, glycol or 
ketone. 

[0030] In this case, the property of the resultant coating can be improved by adding a silica sol and/or a silane deriv- 
45 ative, for example, an alkyltrimethoxysilane, as a binder, to the titanium dioxide soloid sol. 

[0031] In the methods (1 ) and (2) of the present invention, if a ratio in weight of the complexing agent to the titanium 
dioxide colloidal particles is too low, the colloidal particles are insufficiently dispersed and a stable sol cannot be 
obtained. Also, If the weight content of the complexing agent is too high, the resultant coating exhibits an undeslred 
reduced hardness. Also, the content of the alkaline substance is too high, the hardness of the resultant coating is too 
so low, or a metal such as aluminum or zinc is undesirably cont>ded. Further, if the alkaline substance content Is too low. 
the resultant sol is undesirably acid. 

[0032] In the method (1 ) of producing the titanium dioxide colloid sol of the present invention, an acid titanium diox- 
ide sol comprising 50 to 1 00 parts by weight of titanium dioxide colloidal particles and 5 to 50 parts by weight of a com- 
plexing agent is added to an alkaline substance to adjust the pH value of the sol liquid to 5 to 1 0 and to thereby cause 
55 the titanium dioxide collolded particles to be charged with negative electricity. 

[0033] The acid titanium dioxide sol usable for the methods (1 ) and (2) of the present invention can be prepared by 
dissolving at least one inorganic titanium compound selected from titanium chloride, titanium oxychloride, titanium sul- 
fate and titanyl sulfate in water; optionally adding, into the resultant solution; a catalyst consisting of hydrochloric acid 
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and/or nitric acid; and hydrolyzing the titanium compound at room temperature or by heating. Alternatively, the titanium 
dioxide colloidal particles can be prepared by hydrolyzing an organic titanium compound, for example, a titanium alkox- 
ide or titanium acetylacetonate. 

[0034] The complexing agent usable for the methods (1 ) and (2) of the present invention is preferably selected from 
5 chelating compounds such as polyvalent carboxylic adds and hydroxycarboxylic acids which have at least one carbox- 
ylic group per molecular skeleton, for example, gluconic acid, glycolic acid, lactic acid, tartaric acid, citric add, malic 
acid and succinic add, and condensed phosphoric acids, for example, pyrophosphoric acid and tripolyphosphoric acid, 
and salts of the above-mentioned adds. 

[0035] The alkaline substance usable for the methods (1 ) and (2) of the present invention for producing the titanium 
10 dioxide sol is preferably selected from ammonium compounds, for example, ammonium hydroxide, amines, for exam- 
ple, ethanolamine, oxazine compounds, for example, morpholine, and piperidine and choline compounds. Where the 
titanium dioxide colloid sol is used as a coating material, the alkali metal hydroxides are relatively not prefen-ed. The 
content of the alkaline substance in the sol con-esponds to an amount of the alkaline substance which causes the pH 
value of the sol to be adjusted within the range of from 5 to 10. By adding the alkaline substances, the titanium dioxide 
15 colloidal partides in the titanium dioxide colloid sol are charged with negative electricity. 

[0036] In the production method (1) of the present invention, when a silane derivative, for example, epoxysilane or 
methylsilane, or a partial hydrolysis product of the silane derivative, is added into the mixture liquid of the titanium diox- 
ide colloidal particles with complexing agent, before the alkaline substance is added to the mixture liquid, and then the 
alkaline substance is added to the mixture, the electric charge on the resultant titanium dioxide colloidal particles is 
20 more stabilized, and when this sol is used as a coating material, the coating procedure can be carried out with an 
improved coating efficiency. 

[0037] The titanium dioxide colloidal partides and complexing agent usable for the production method (2) of the 
present invention may be the same as the titanium dioxide colloidal particles and the complexing agent usable for the 
production method (1) of the present invention. Also, the alkaline substances usable for the production method (2) may 

25 be the same as those usable for the production method (1) of the present invention, and are preferably selected from 
alkali metal compounds such as sodium hydroxide, potassium hydroxide and lithium hydroxide. 
[0038] In the production method (2) of the present Invention, the alkaline substance is employed in an amount nec- 
essary to increase the pH value of the sol liquid to 6 to 12. preferably 7 to 9. If the pH of the sol liquid, after the alkaline 
substance is added to the sol liquid, is less than 6, the resultant dispersion of the colloidal particles is insufficient, and 

30 if the PH of the sol liquid is more than 12, the resultant titanium dioxide colloid sol exhibit an unpreferable strong cor- 
roding property for the metal material brought into contact with the colloid sol. 

[0039] In the production method (2) of the present invention, after the alkaline substance is added, the resultant sol 
liquid is subjected to a deionlzatlon treatment, to remove Ions remaining in the sol liquid. 

[0040] The deionization treatment is preferably carried out in accordance with a diffusion dialysis method using a 
35 semi-permeable membrane, an electric dialysis method using an ion-exchange membrane, or an ion-exchange resin- 
contact treatment method. The application of the deionization treatment enables contaminating ions, for example, alkali 
metal ions and acid anions contained in the titanium dioxide sol, to be removed, the degree of purity of the titanium diox- 
ide to be increased, and a sol having a good-coating-forming property and a high practical usefulness to be obtained. 
By the deionization treatment, the pH value of the titanium dioxide colloid sol is preferably adjusted to 5 to 9, more pref- 
40 erably 6 to 8.5. 

[0041] Where the titanium dioxide colloid sol of the present invention Is coated on an arttele to be coated, the 
amount of titanium dioxide contained In the resultant coating is preferably controlled to 200 to 2000 mg/m^. The coated 
sol layer may be dried by a heat-drying method or at room temperature. Where an organic compound such as a car- 
boxylic acid is employed as a complexing agent, and the coated sol layer is dried at a temperature of 100*»C or less, 
45 preferably the complexing agent is decomposed by Irradiating ultraviolet rays having a wavelength less than 400 nm to 
the coated sol layer, during or after the drying procedure for the coated sol layer. 

[0042] In the negative electricity-charged titanium dioxide colloid sol of the present invention tetravalent titanium 
ions remaining as a non-reacted component in the conventional acid titanium dioxide sol are masked by the complexing 
agent comprising a chelating compound and^or a condensed phosphoric acid or a salt thereof, to thereby prevent gela- 

50 tion and precipitation of the titanium dioxide colloidal particles, in a neutral range; and a negative electric charge on the 
complexing agent absort^ed In the titanium dioxide colloidal partides neutralizes a positive electric charge on the tita- 
nium dioxide colloid particles and further causes the titanium dioxide colloidal particles to be charged with negative 
electricity; and thus a stable neutral titanium dioxide sol is obtained. After a coating of the titanium dioxide colloid sol is 
formed, the organic chelating agent contained in the coating is decomposed to produce water and carbon dioxide by 

55 the photocatalytte effect of the titanium dioxide, and thus does not exhibit a harmful effed. 

[0043] Also, the acid property of the carboxyl groups of the organk; chelating compound and the acid property of 
the contamlnatlve add anions such as CP and S042-derived from the titanium dioxide production material can be neu- 
tralized by addition of the alkaline sutjstance such as ammonium compound, an amine, an alkali metal compound or an 
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oxazlne or piperidine compound, into the sol to convert the titanium dioxide colloid sol to a completely neutral sol. 
[0044] The negative electricity-charged titanium dioxide colloid sol can be produced by adding the above-men- 
tioned alkaline substance to the acid titanium dioxide sol coating the complexing agent Further, by applying a deioni- 
zation treatment by a dialysis method using a semipermeable membrane to the above-mentioned Sol, a titanium 
dioxide colloid sal having a further improved quality can be obtained. 



Examples 

[0045] The present invention will be further explained by the following examples which do not restrict the scope of 
present invention in any way. 



Examples 1 to 18 and Comparative Examples 1 to 4 

[0046] In Examples 1 to 1 8 and Comparative Examples 1 to 4, the following materials were employed. 
(1) Titanium dioxide colloid 

[0047] One of the following two types (A and B) of colloids was employed. 

A) In Comparative Example 1 , Comparative Example 2, Examples 1 to 7, Example 12, Example 14, Examples 16 
to 1 8, a titanium dioxide colloid prepared by the following procedures was employed. 

An aqueous solution of titanium chloride (made by SUMITOMO SITIX K-K„ Ti: 15 to 16% by weight) was 
diluted with water, and then deionized by using an ion exchange membrane, to provide an aqueous titanium oxy- 
chloride solution. The solution was heated to a temperature of 70 to 85°C, to hydrotyze the titanium oxychloride. A 
titanium dioxide colloid sol having a pH value of 1 to 2 was obtained. The resultant titanium dioxide crystal particles 
had a particle size of 0.002 to 0.01 jim, determined by a penmeation type electron microscope. The colloid sol con- 
tained the titanium dioxide colloidal particles In a dry weight content of 5.0%. 

B) In Comparative Example 3, Comparative Example 3, Examples 8 to 11, Example 13 and Example 15, titanium 
dioxide powder particles (made by NIHON AEROSIL K.K., having a particle size of 0.02 ^im, and a type of anatase- 
rutile mixture) were dispersed in water, and hydrochloric acid was added to the dispersion to adjust the pH value of 
the dispersion to 1.5. The resultant titanium dioxide colloid sol was employed. 



(2) Complexing agent 

[0048] A complexing agent selected from glyconic acid, glycollc acid, lactic acid, citric acid, tartaric acid, malic acid, 
pyn-ophoshporic add and tripolyphosphoric acid, as shown In Tables 1 and 2, was employed. These chemicals were 
first class chemical reagents, made by WAXO JUNYAKU K.K. 



(3) Alkaline substance 



[0049] An alkaline substance selected from ammonia water (ammonia hydroxide, sodium hydroxide, potassium 
hydroxide, lithium hydroxide, triethanolamine, triethylenetetramlne. morpholine (tetrahydro-1,4-oxya2ine), piperidine 
and choline, as shown in Tables 1 and 2 was employed. These chemicals were, or con'esponded to, first class chemical 
reagents or the compositions of the titanium dioxide colloid sols used In the comparative examples and the examples 
are shown In Tables 1 and 2. 

[0050] With respect to the resultant sols, the types (positive and negative) of the charged electricity on the titanium 
dioxide particles were determined by a Zeta potential measurement apparatuses. 

[0051] Each sol was coated in an amount of 10 ml/m^ on a surface of a substrate selected from aluminum, acid 
paper sheet, zinc-plated steel strip or a stainless steel strip, by using a bar coater, and was dried at 80*^0, with respect 
to the resultant coatings formed on the substrate, the appearance and photocatalytic activity (in terms of fatty acid- 
decomposing rate, units: mg/m^ 'dry) were measured. 

[0052] As a substrate, an aluminum alloy was used in Comparative Example 1 , Example 1, Example 5, Example 7, 
Example 8, Example 13 and Example 17; an acid paper sheet was employed in Comparative Example 2, Example 3 
and Example 6; a zinc-plated steel strip was used in Comparative Example 3, Example 2, Example 1 1 and Example 
12; a steel strip was employed in Comparative Example 4, Example 4 and Examples 9 and 10; and a stainless steel 
strip (SUS 304) was employed In Example 14 and Example 16, Further, In Examples 15 and 18. a polyester film coated 
with a silicone resin primer was employed as a substrate. 

[0053] As a starting titanium dioxide sol. the above-mentioned acid sol A) or B) was employed. In Comparative 
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Example 1, no complexing agent was added to the sol liquid and the alkaline substance was added to the sol liquid to 
adjust the pH value of the sol liquid to 7 to 8. Also, in Comparative Example 2, comparative Example 4, Examples 1 to 
4, Examples 8 and 9 and Examples 12 to 15, the complexing agent is added to the acid sol. and then the alkaline sub- 
stance was added thereto to adjust the pH value of the sol to that as shown in Table 1 . 

[0054] Further, in Comparative Example 3, Examples 5 to 7 and Examples 1 1 and 12. the acid sol A) or B) was 
employed, the complexing agent was added to the sol and then the alkaline substance was added to such an extent 
that the pH value of the alkaline substance-added sol reached a level of 6 to 12, to disperse the resultant titanium diox- 
ide. Furthermore, in Example 5, Example 6, Example 10 and Examples 16 to 18, the resultant titanium dioxide colloid 
sol liquid was diffuse-dialyzed through a semi-permeable membrane (regenerated cellulose film) in deionized water for 
24 hours. Still furthermore, in Example 7. Example 1 1 and Example 18, the sol liquid was subjected to a deionization 
treatment, in place of the diffuse -dialysis treatment, in whteh the sol liquid was passed through a column packed with 
an anion resin and a cation resin. 

[0055] The properties of the resultant coatings were evaluated by the test methods and evaluation standards shown 
below. 

(Appearance of coating) 

[0056] Generation of rust and discoloration of a specimen was observed by the naked eye and evaluated into two 
classes, namely, Good and Bad. 

(Closs adhesion) 

[0057] The close adhesion of a specimen coating was tested in accordance with JIS K 5400. Cross Cut Adhesion 
Test of Coating, and was evaluated in three classes, namely. Good, Slightly bad and Bad. 

(Hardness of coating) 

[0058] A coating of a specimen was subjected to a pencil hardness test in accordance with JIS K 500 in which the 
coating was scratched by pencils for the pencil scratching test, the hardness of the coating was represented by the pen- 
30 cii hardness. This test was applied to the specimens other than paper substrate specimens. 

(Photocatalytic activtty) 

[0059] A specimen, on which a coating was coated and dried, was coated with a solution of stearic acid in ethanol, 
35 ultraviolet rays from a 20W black lamp were inadiated toward the coating for 24 hours, and a fatty add decomposition 
rate per 24 hours (units: mg/m^-dry) was obtained from a difference in weight of the specimen between before and 
after the irradiation. 

[0060] The compositions of the titanium dioxide colloid sols and properties of the coatings of Examples 1 to 1 8 and 
Comparative Examples 1 to 4 are shown in Tables 1 and 2. 
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[0061] Tables 1 and 2 clearly show that the conventional titanium dioxide sols and the titanium dioxide sols pro- 
duced In Comparative Examples 1 to 4 In accordance with the conventional methods did not exhibit satisfactory coating 
properties for the material having low resistance to corrosion and deterioration. The titanium dioxide colloid sols pro- 
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duced in Examples 1 to 18 in accordance with the production methods of the present invention exhibited satisfactory 
coating properties. 

Industrtai Applicability 

[0062] As explained in detail above, the titanium dioxide coiloid sol of the present invention is a neutral photocata- 
lytic titanium dioxide colloid sal having high stability and dispersibility and usable as a coating material for articles, for 
example, metal articles having a low resistance to con-osion and organic articles having a low resistance to deteriora- 
tion. When the titanium dioxide colloid sol is employed for the purpose of decomposition of stains, ultraviolet ray absorp- 
tion, sterilization, gas decomposition, and water treatment, the sol can be applied to wide various materials, and the 
problems of the working atmosphere and safety can be solved. Therefore, the titanium dioxide colloid sol and the 
method of producing the sol of the present invention are industrially valuable. 



1. A titanium dioxide colloid sol comprising 60 to 100 parts by weight of titanium dioxide colloidal particles charged 
with negative electricity and 5 to 50 parts by weight of a complexing agent and 1 to 50 parts by weight of an alkaline 



2. The titanium dioxide colloid sol as claimed In claim 1 , wherein the pH value of the titanium dioxide sol is 5 to 1 0. 

3. The titanium dioxide colloid sol as claimed in daim 1 , wherein the complexing agent comprises at least one chelat- 
ing compound having a cart^oxyl group. 

4. The titanium dioxide colloid sol as claimed in claim 1 . wherein the complexing agent comprises at least one mem- 
ber selected from condensed phosphoric acids and condensed phosphate salts. 

5. The titanium dioxide colloid sol as claimed in claim 1 , wherein the alkaline substance comprises at least one mem- 
ber selected from ammonium compounds, alkali metal compounds and amine compounds. 

6. The titanium dioxide colloid sol as claimed in claim 1 , wherein the alkaline substance comprises at least one mem- 
ber selected from oxazine, piperidine and choline compounds. 

7. A method of producing a titanium dioxide colloid sol characterized by mixing an alkaline substance into an acid tita- 
nium dioxide colloid sol containing 50 to 100 parts by weight of titanium dioxide colloid sol and 5 to 50 parts by 
weight of a complexing agent, to adjust the pH value of the sol to a level of 5 to 1 0, and to thereby cause the titanium 
dioxide colloidal particles to be charged with negative electricity. 

8. A method of producing a titanium dioxide colloid sol, characterized by mixing an alkaline substance into an acid tita- 
nium dioxide colloid sol comprising 50 to 1 00 parts by weight of titanium dioxide colloidal particles and 5 to 50 parts 
by weight of a complexing agent to adjust the pH value of the resultant sol to a level of 6 to 1 2, and applying a deion- 
ization treatment to the sol to thereby cause the titanium dioxide colloidal particles to be charged with negative 
electricity. 

9. The method of producing the titanium dioxide colloid sol as claimed in claim 7 or 8. wherein the complexing agent 
comprises at least one chelating compound having a cartDoxyl group. 

10. The method of producing the titanium dioxide colloid sol as claimed in claim 7 or 8. wherein the complexing agent 
comprises at least one member selected from condensed phosphoric acid and condensed phosphate salts. 

11 . The method of producing the titanium dioxide colloid sol as claimed in claim 7 or 8. wherein the alkaline substance 
comprises at least one member selected from ammonium compounds, alkali metal compounds and amine com- 



12. The method of producing the titanium dioxide colloid sol as claimed in claim 7 or 8, wherein the alkaline substance 
comprises at least one memk>er selected from oxagine. piperidine and choline compounds. 



Claims 



substance. 



pounds. 
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